). We also disrupted NOC3 from the chro-HA antibody from extracts prepared from the untagged control strain ( Figure 1C, lanes 1-4) . As another negative mosome and found it to be an essential gene in our strain background as well (data not shown).
control, the p86 subunit of the DNA polymerase ␣ was not precipitated by the anti-HA antibody ( Figure 1C (Figure 2 ; note that plasmid loss assays require colony formation and thus cannot be probably due to the activity of residual Noc3p-td in this somewhat leaky noc3-td mutant that could undergo sevperformed at the restrictive temperature). This analysis revealed that the noc3-td mutant cells were severely eral cell divisions before arrest as large-budded cells at 37ЊC (data not shown). compromised in their ability to support minichromosome maintenance of p1ARS at 32ЊC, with a loss rate of In order to ascertain that the mutant cells with a 1C DNA content that appeared at late time points at 37ЊC 11.0% per generation. In contrast, the plasmid instability was suppressed to a large extent by the addition of were those that had not replicated DNA following the ␣ factor block-and-release, rather than those that had multiple ARS elements to the plasmid (p8ARSs; 1.4% per generation). At 30ЊC, the loss rate per generation finished DNA replication and undergone mitosis, we examined the effect of adding the microtubule-depolymerwas moderately high for p1ARS (5.0%) and decreased to 0.2% for p8ARSs. As these plasmid loss rates are izing drug nocodazole on the FACS results. Nocodazole was added at 105 min after release from ␣ factor in comparable to those reported for other replication-initiation mutants, our results indicate that Noc3p is required order to prevent cells from entering mitosis. The results indicate that a significant population of the mutant cells for the initiation of DNA replication. Figure 6E ). This also indicates that the total cellular level of neither Cdc6p nor Mcm2p was controlled by Noc3p kDa protein on SDS-PAGE). The wild-type and noc3-td cells were presynchronized in G1 with ␣ factor and (see Discussion). FACS and budding index analyses showed that, by 90 min after release from nocodazole released into the cell cycle in fresh medium for 75 min at 25ЊC (these two steps were to minimize the time of at 25ЊC or 37ЊC, the majority of the noc3-td as well as wild-type cells completed mitosis and entered the the subsequent incubation of the cells in nocodazole). The cells were then blocked in G2/M with nocodazole subsequent G1 phase ( Figures 6C and 6F ). This also suggests that Noc3p is not essential for mitosis. Toat 37ЊC for 100 min and subsequently released from G2/M into G1 in ␣ factor-containing medium at 37ЊC. gether, these results indicate that Noc3p is required for loading Cdc6p and MCM proteins onto chromatin as Aliquots of the cells were harvested for chromatin binding assays every 30 min for a total of 2 hr. As a control, cells pass through mitosis and enter G1 phase. To provide evidence that Noc3p is a component of the same procedures were carried out, but at 25ЊC throughout (see diagram in Figure 6, top) . the pre-RCs, in addition to being required for recruiting Cdc6p and MCM proteins onto chromatin, we tested In wild-type cells at 25ЊC and 37ЊC, the levels in both the chromatin pellet ( Figure 6A and soluble ( Figure 7B ) fractions throughout the time mutant strain, in which NOC3 (wild-type) was also C-terminally tagged with three copies of HA, was taken course as expected. When noc3-td cells were shifted to 37ЊC, Noc3p-td largely disappeared from chromatin through a similar experiment as shown in Figures 7A-7D for the wild-type and noc3-td strains. When the orc2-1 ( Figure 7C, lanes 2-6) and was mostly degraded ( Figure  7D, lanes 2-6) , as anticipated. The removal of Noc3p-cells in G1 were shifted to 37ЊC, Orc3p was gradually released from chromatin ( Figure 7E , lanes 2-6), as pretd had no effect on the chromatin association or total level of Orc3p (Figures 7C and 7D) . However, as Noc3p-viously reported (Homesley et al., 2000) . Mcm2p was rapidly removed from chromatin at 37ЊC ( Figure 7E , td was removed from chromatin, Mcm2p was also released from chromatin ( Figure 7C, lanes 2-6) , whereas lanes 2-6). This is consistent with previous reports that ORC is required for the maintenance of pre-RCs in G1 the level of Mcm2p in the supernatant fractions remained constant ( Figure 7D, lanes 2-6) , consistent with cells. The level of Noc3p on chromatin decreased gradually in the first 2 hr and then fell to a low level at later the conclusion from the experiments shown in Figure 6 that the total amount of Mcm2p was not affected by time points at 37ЊC ( Figure 7E, lanes 2-6) . The levels of all three proteins in the supernatants were little affected depletion of Noc3p-td (see Discussion). In the control experiment at 25ЊC, both Noc3p-td and Mcm2p re-( Figure 7F ). These data suggest that ORC is required for stable chromatin association of Noc3p. This ORC mained associated with chromatin ( Figure 7C, lane 7) . The combined results from the chromatin binding experdependence of chromatin association of Noc3p further supports the conclusion that Noc3p plays a direct role iments shown in Figures 6 and 7A-7D and MCM proteins onto replication origins and in main-
